For some years antibiotics have been included in the feed of young pigs and poultry to produce faster growth. With this widespread use, it is important to know whether there are any cumulative effects either on the mature treated animals or on successive generations of their progeny. The experiment here described was designed primarily to investigate whether the inclusion of penicillin in the diet of birds throughout life affected the early growth rate and the response to penicillin of their progeny. I n addition, records of egg production, hatchability and mortality were kept and are presented, although these observations must be interpreted with caution in view of the small numbers involved. The mean annual response to penicillin of chicks from a commercial source is given for the last 5 years.
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EXPERIMENTAL

Design of experiment
I n 1955 the parental generation was formed from one hatch of about 200 unsexed chicks taken from a single flock of Light Sussex hens. It was divided into two groups of which one was given procaine penicillin continuously in the diet and the other had the same diet without the drug. The response to penicillin was measured by the percentage increase in weight at 4 weeks of the birds receiving the antibiotic over that of the corresponding controls. The pullet chicks were maintained on the two treatments throughout life, and for the next three generations hatches from each flock were tested in the same way for response to penicillin. I n each successive generation sufficient pullet chicks from each of the two groups were treated in the same way as their dams and reared to maturity to give breeding flocks of about thirty-five to fifty hens.
The diagram below presents the design of the experiment. The control flock was kept as far as reasonably possible from exposure to penicillin Diets. The basal diets were designed to be plentiful in all known nutrients and to support excellent growth. Their percentage composition is given in Table I . Chick mash was given from o to 8 weeks, grower's mash from 8 weeks to maturity and breeder's mash thereafter. Procaine penicillin was added to the appropriate diets at the rate of 45.5 g/ton chick mash and 10 g/ton breeder's and grower's mash. The level of penicillin in the chick diet was higher than is customary commercially, but is used as a routine in this laboratory in order to allow for possible losses during storage.
Mating. Mature Light Sussex cockerels were obtained from commercial breeders, a different source being used each year. Two or three cockerels ran with each flock, and were fed on breeder's mash with penicillin for 14 days before they were placed with the hens.
Incubatorpractice. Eggs were collected over 14 days and set in a Papworth zooo-egg
incubator. An unselected sample of from 90 to 250 eggs from each flock was set.
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Eggs were candled after 18 days' incubation and infertile eggs removed from the incubator. All unhatched eggs remaining on the 22nd day were broken open, and the numbers of fertile eggs were corrected as a result of this examination. The hatchability was calculated as the percentage of fertile eggs hatched. Records. Egg records were kept for each flock from beginning of laying. The length of time the birds were kept depended on the housing requirements at the time, so that the egg records were collected over varying times for each generation. All deaths occurring during the experiment were recorded and post-mortem examinations of birds over 8 weeks old were kindly made by Dr R. F. Gordon of Houghton Poultry Research Station.
Measurement of chick response For testing, the chicks were brought into the laboratory at I day old. The progeny from each flock was divided into two, one half was given the diet with penicillin and the other the diet without. Test groups, occasionally duplicated, contained up to forty birds.
The percentage increase in weight of 4-week-old chicks receiving penicillin over that of those not receiving penicillin was taken to represent the penicillin effect. Chicks do not always show an increase in growth with penicillin, particularly in newly cleaned premises (Coates, Dickinson, Harrison, Kon, Porter, Cummins & Cuthbertson, 1952) . In order to ensure an environment in which growth response to antibiotics might be expected, the tests were made when the chick rooms were full, and had been so for some time. The response of commercially bred chicks (Rhode Island Red x Light Sussex) from the A.R.C. Field Station, Compton, provided a standard with which chicks from the penicillin and control flocks, tested concurrently, could be compared.
To coincide with full chick rooms, pullet-bred chicks from the experimental flocks had sometimes to be used, and their growth rate was less than that of the commercial chicks.
RESULTS
Response of chicks
The weights of chicks fed on the control and penicillin diets, from both experimental flocks and from the commercial source, are given in Table 2 . There was no consistent difference in mean response to penicillin of chicks from the control and penicillin flocks in any generation, although the response varied from hatch to hatch and with the time of year.
In all but one hatch the commercial chicks on test at the same times showed a marked growth response to penicillin, indicating that the environment was suitable to reveal any differences in the effect of the antibiotic on the two experimental flocks. Averaged on both diets, the mean weight of the chicks from the penicillin flock was greater than that of chicks from the control flock, but this difference did not increase through the generations. The mortality of chicks from both experimental flocks was about z yo, the same as that of commercial chicks.
During the last 5 years we have frequently tested penicillin on chicks from our commercial supply; the results of these tests are given in Table 3 . The 
Other records
Records of egg production, hatchability and mortality of the two breeding flocks were made as a routine, although as only two small flocks, not subjected to normal commercial culling, were concerned they are only of limited value. The percentage egg production of the survivors of the two flocks is shown in Fig. I . In the first and third filial generations the penicillin flock matured earlier and had higher production over the first 5 months than the control flock. This early advantage was offset by a relatively greater fall in production later. The hatchability of fertile eggs (Table 4) was slightly better in the penicillin-treated flock. This effect was not cumulative through the generations. After 4 weeks the control flock had a higher mortality than the penicillin flock, but the difference was only significant in the second filial generation when nine of fiftyeight birds in the penicillin flock and eighteen of fifty-six in the control flock died. The causes of death included fowl paralysis and nephritis and their distribution was the same in both flocks.
DISCUSSION
The increasing use of antibiotics in animal feeding has aroused considerable controversy regarding the possible long-term effects of this practice. Fears have been expressed that the widespread distribution of small quantities of antibiotics may encourage development of resistant strains of organisms, including pathogens, so that antibiotics may become ineffective not only as growth promoters but as therapeutic https://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19590027
Vol. 13 Crabb (1957) , who found predominantly tetracycline-resistant Escherichia coli in the faeces of pigs that had received diets containing low levels of tetracyclines lends support to this possibility; nevertheless, it is reasonable to expect that in animals given an antibiotic in the diet the surviving flora of the gut must be resistant to it. Conversely, Libby & Shaible (1955) have claimed beneficial effects of the long-term use of antibiotics in poultry management. Their results suggest that when antibiotics are given for long periods in one place there is a change in the environmental flora allowing, by the suppression of detrimental organisms, better growth even in chicks not receiving the antibiotic in the diet. Hanson, Hill & Ferrin (1956) collected data over 5 years on live-weight gains of different groups of pigs given penicillin or chlortetracycline. Their results showed no evidence of a trend in response to the antibiotics but rather that the magnitude of effect of antibiotic feeding depended on the state of health of the control animals at any time. I n our own chick rooms, dietary supplements of procaine penicillin, and occasionally other antibiotics including the tetracycline derivatives, have been in continuous use for several years. The rooms are emptied, disinfected and fumigated once each year but at all other times are well filled with chicks from day-old to 4 weeks of age. As Table 3 shows, there has been no tendency for the growth rate of control chicks not receiving antibiotics to change and the response to penicillin has remained of the order of 10%. Although the rate of supplementation, 45.5 g procaine penicillin ( = 25 g penicillin)/ton diet, is higher than usual in practical poultry husbandry it is still very much below the 'therapeutic' level.
Long-term eflects of penicillin in chick food
T h e experiments described here were undertaken to ascertain whether there was any cumulative effect of penicillin from generation to generation. I n the three generations studied there was no indication that continuous administration of penicillin from hatching to maturity affected the ability of the next generation to respond to penicillin. No detrimental effects of antibiotic supplementation were observed; in fact, the weights of chicks from the flock given penicillin were on the whole slightly greater, and the mortality less, than those of chicks from the control flock. Similarly, egg production and hatchability were in general slightly better in the flock receiving penicillin. These apparent improvements may have been a real effect of the antibiotic supplement, but it is possible that they arose as a result of chance selection even though the original two flocks were taken at random from a single population. I n any event these benefits remained slight and did not increase from one generation to the next. Our experience is very similar to that of Jennings (1957) who also found no adverse effect of penicillin on breeding performance of hens and slight apparent advantages in egg production, hatchability and body-weight of their chicks. However, he also regarded these findings with reserve since they could have arisen from chance genetic variations, especially as in one of the generations large chicks from the penicillin flock were traced to one particular sire.
It is clearly unjustified to draw too close a parallel between comparatively small trials in the laboratory and the broader aspects of practical poultry husbandry. Only years of experience in the field will determine the wisdom of using antibiotics in animal feeding. However, within the limits of the experiments reported here we have found no evidence of a detrimental effect of the continuous use of antibiotics. There were even indications of benefit, apart from the stimulation of early growth rate, although the slight improvements in performance were not cumulative through successive generations. SUMMARY I . Two flocks of Light Sussex hens were maintained for three generations, one with and the other without the addition of procaine penicillin to the diets. The growth response to penicillin of successive generations of their progeny was measured, and some records of egg production, hatchability and mortality were kept.
2. There was no evidence of any detrimental effects of the antibiotic but some indications of a lower mortality and a slight improvement in the performance of mature hens given penicillin and in the weight of their progeny. These effects, however, were not cumulative throughout the three successive generations.
3. Results for the past 5 years are presented for the growth response to penicillin of commercially bred chicks reared to 4 weeks of age in this laboratory. No change was observed in the magnitude of effect of the antibiotic or in the absolute weights of the birds.
